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P^l BBe/],eHHe 

^ I PaccMaxpHBaeTCH sa^ana onxHMajibHoro ynpaBjieHna ^HHaMnnecKHMH cHcxeMaMH, 

onncMBaeMMMH jiHHeflHbiMH ;],H4)(|)epeHn;HajibHt.iMH ypaBHeHHHMH c ynpaBjiaeMbiMH ko- 
3(|)(|)Hii;HeHxaMH h KBa;i,paxHHHt.iM KpHxepHCM onxHMajiBHocxH. 3xa Mo;i,ejib xapaKxepna 
^ . jijis MHorHx npHKjia;];HL.ix sa^^an, Hrpaiomnx cymecxBeHHyio pojib b xeopHH ynpaBjieHHa. 
Q ! 3xo, HanpHMep, sa^^ana cHHxesa peryjiaxopa HejiHHettHbix cHcxeM, o6ecneHHBaioiu;ero ;i,o- 
(-H I cxaxoHHo Majioe oxKjioHeHHe xpaexxopHH BosMymeHHoro ;];BHJKeHH3 ox sa^aHHoro. Ec- 
' jiH cooxBexcxByiomHe oxKjioHeHHa ynpaBjienna xaxace Majibi, xo npHMeHHMa jiHHeapnsa- 

n;Ha b oKpecxHocxH sa^aHHoro ^BHJKeHHH h aa^ana cBo^Hxca k xopomo paspaGoxaHHofl 
jiHHeiiHo-KBa^paxHHHoii sa^ane onxHMajiBHoro ynpaBjieHHH (J1K3). Ecjih ace Majioe ox- 
KjioHCHHe xpaeKxopHH BOSMymeHHoro ^BHJKeHHH ox sa^aHHoro ^ocxHraexca npn Gojibuihx 
[ oxKjioHeHHHx ynpaBjicHHii, xo npHMeHHMa jthhib HacxKHHaa jiHHeapH3an;H5i, h sa^ana cbo- 
^ I flHxcs K paccMaxpHBaeMOH sflect. HejiHHeHHoii BapHan;HOHHOH aa^^ane. 
^ I /IpyroH npHMep: mnpoKHH h aKxyajiBHbiH Kjiacc 3a;i,aH ynpaBjienna KBanxoBbiM cocxo- 

• ■ 5iHHeM axoMOB H MOJicKyji. ^HHaMHKa xaKHx cHcxeM oHHCbiBaexca ;i,H(|)(|)epeHij;HajibHt.iM 
Q ■ ypaBHCHHeM IHpe^HHrepa, oxHocamHMca k paccMaxpHBaeMOMy Kjiaccy, a n;ejiH ynpaBjie- 

O . HHH aflCKBaXHO (|)OpMajIH3yiOXC5I KBa^paXHHHblMH KpHXepHSMH OHXHMajIBHOCXH. 

Hccjie^yioxca xapaxxepHbie cBoiicxBa jiHHeHHtix flH4)(|)epeHn;Hajii>Ht>ix ypaBHeHHH c 
ynpaBjiaeMBiMH K03(|)(|)Hn;HeHxaMH, hx flHHaMHnecKHe HHBapHaHXbi h orpaHHHeHHH o6jia- 
^ I cxeii ^ocxHJKHMOcxH, cymecxBeHHbie ^jih npo6jieM ynpaBjieHHJi, CBoiicxBa noHxparHHCKHX 

' sKcxpeMajieil ^annoro Kjiacca aa^an, HHCJiennbie Mexoflbi onxHMH3aH,HH ynpaBjienna. 

1. IIocTaHOBKa 3a/],aHH 

PaccMoxpHM aa^any (^ajiee sa^ana I) 
(1) I{x]u) = {x{T), Lx{T)) min, 



(2) x = {A + uB)x, 

^Pa6oTa BtinojiHena npH HacTHHHOfi cjjHHaHCOBOii no/mep>KKe PoccHiicKoro (JjOHfla (JjyHflaMeHTajibHbix 
HCCjieflOBaHHH (rpaHT 08-08-90026-Beji_a). 
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(3) 



x(0) = xo, 



(4) Ht)\^iy, te[0,T], 

r^e X = {x^, . . . , x") - BemecTBeHHbm (|)a30BL.m BCKTop; L - BemecTBeHHaH CHMMexpHHHaH 
MaTpHn;a; A r B - BemecTBeHHbie MaTpHn;L.i; ynpaBjienne u{-) o^HOMepno; cJ)yHKn;HH x(-) 
H «(■) onpe^ejieHbi na oxpesKe [0,T]; HHCjia T > m u > 0, BCKTop xq, MaTpHn;t.i A, B, 
L sa^aHBi. PemeHHe aa^ann noHHMaeTca b KjiaccHHecKOM CMticjie: ynpaBjieHHe 

m(-) KycoHHo HenpepbiBHo na [0,T], a xpaeKTopHJi x(-) nenpepbiBHa h HMeex KycoHHo 
HenpepbiBHyio npoHSBO^Hyio. 

HcnojibsyioTCH cjie^yiomHe cTaH^^apxHtie oGosHaneHHa: {x,y) = " cbrjih^o- 

Bo CKajiapHoe npoHSBe^eHHe b npocxpaHCTBe M"; ||x|| = [(x, x)]^/^ - eBKjiHflOBa Hopna 



BCKTOpa; ||y4| 
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- eBKjiH;i,oBa HopMa MaxpHi^bi. 



Bmccto sajiSiHii I HacTo pemaioT sa^^any ©-(jlj) {jiajiee sa^^ana Ij^ 



T 



(5) I(s{x; u) = (x(T), Lx(T)) + (3 J {u{t)fdt min, 



r^e /3 > aa^ano. HcnojibsoBaHHe peryjiapasyiomero cjiaraeMoro b (E]) ynpomaex Hccjie- 
flOBaHHe ypaBHeHHH npHHij,Hna MaxcHMyMa h HTepaij;HOHHt.ie ajiropHTMbi onTHMH3an;HH 
(ncKjiioHaioTCH oco6i>ie pe>KHMt>i ynpaBjieHHa) . Ho npn stom bhochtch nescHocTb b (|)h- 
SHHecKHH cMbicji KpHTepH3, oGycjiaBjiHBaexcH He;];oHcnojib30BaHHe pecypca ynpaBjieHHs 
fljia rjiaBHOH ij,ejiH ([T]) h yxy^^maexcji cxo^^hmoctb HTepaii;HOHHbix MeToj\OB. HoflpoGHee o6 

3TOM CM. B [Ij. 

2. HeKOTopbie CBoiicTBa ypaBHeHHH CHCTeMti h OHTHMH3aH,HOHHOH sa^aHH 

1. OGjiacTt. ;];ocTH>KHMOCTH CHCxeMBi ([2]) orpaHHHena h OT^^ejiena ot nanajia ko- 
op^HHax. CnpaBe^jiHBO cjie^yiomee yxBepjK^eHHe: 

Teopeua 1. Upu ecex donycmuMux e sadane I ynpaeAenujix u npu ecex t G [0, T] 
UMeem Mecmo deycmopoHHJiJi oii,eHKa 

(6) l|a;o||e"^^ ^ ||x(t)|| ^ ||xo||e^^, 
sde 

^=\\A\\+u\\B\\. 

^OKaSaTejIbCTBO 3T0H TeOpeMbl npHBO^HTCa B IlpHJIOJKeHHH. 

2. Bt.i;];ejiHM nacTHbiH cjiynaii CHCxeMbi (EJ, ([3]): pasMepHOCTb cJiasoBoro Bexxopa nex- 
Haa (n = 2m), a x = (x"^, x^, . . . , x") = {y^, y"^, . . . , y"^, z^, z"^, . . . , z"^); MaxpHn;t.i A r B 
HMeiox cjie^yiomyio 6jiOHHyio cxpyKxypy: 

PA „ ( Pb 



^=\-P. oj- ^-\-Pb 

r^e Pa h Pb - cHMMexpHHHtie MaxpHn;t.i pasMepa mxm. Tor^a cHcxeMa npeflcxaBjiaex 
co6oH ynpaBjiacMyio raMHjibxoHOBy CHCxeMy BH^a 

(8) 
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(9) 



rjie P = Pa + uPb, npn 3tom raMHjibxoHHaH CHCxeMbi HMeex brji 

(10) 'H{y,z) = ^{Py,y) + ^{Pz,z). 

MacTHMH cjiynafi aa^ann I (I^), b KoxopoM MaxpHi^bi AvlB HMeiox 6jioHHyio cxpyxxypy 
([7]), HasoBeM aa^aHeii II (cooxBexcxBeHHo 11^). 

3. B cjiynae ([7]) cHcxeMa ([2]) HMeex KOMnaxxHoe KOMnjieKCHoe npe;];cxaBjieHHe. Pac- 
CMOxpHM KOMnjieKCHoe ypaBHenne, npe^^cxaBjiaiomee coGofi KOHeHHOMepHbifl anajior oc- 
HOBHoro ypaBHeHHa KBanxoBofl MexaHHKH (ypaBHeHHa IIIpe^HHrepa b nacxHbix npona- 

BOflHblx) 

(11) w = iHw, 

r^e i - MHHMaa e^HHHn;a, H = + iH^ - KOMnjieKCHtifi jiHHeflHBiH caMoconpajKeHHbiH 
onepaxop, w = y + iz - KOMnjieKCHbili Bexxop cjiasoBbix nepeMeHHbix. Bbi^ejiaa b 3xom 
ypaBHeHHH BemecxBeHHyio h MHHMyio nacxb nojiynaeM cHcxeMy 

z = H^y - H'^z. 

IIpH = 3xa CHCxeMa HMeex bujx (E]), (E])- 

4. CncxeMa ([8]), HMeex ^HHaMHHecKHli HHBapnaHx 

m m 

(12) /(x) = ||xf = Ibf + ll^f = Y.{y'f + Y.{z'f = const. 

k=l k=l 

^eHCXBHXejIBHO , 

-t 1 m m mm mm 

^^/(^W) = E y"y" + E = E E^^^^^ - E ^'T^p^sy- = o- 

fe=l k=l k=l s=l k=l s=l 

TaKHM o6pa30M, Bce xpaexxopHH cHcxeMbi ([8]), (|9]), neaaBHCHMo ox BL.i6opa ynpaBjienns, 
pacnojiojKeHBi na ccj^epe c n;eHxpoM b Hanajie Koop^Hnax. 

HajiHHHe ^HHaMHHecKoro HHBapHaHxa npe;];ocxaBjiHex onpe^ejieHHyio cBo6o;];y Bt.i6o- 
pa MaxpHii;t.i L, (|)HrypHpyioin;eH b ([T]). Tax KaK jiJis JiioGoro ^onycxHMoro ynpaBjieHHH 
||x(T)|| = ||xo||, xo BosMOJKHa saMena mcxoflfioti MaxpHn;L.i L na MaxpHn;y BRfl^a L + al, 
Tflfi a - npoHSBOJiBHoe BemecxBennoe hhcjio, a / - e^^HHHHHaa MaxpHn;a. B nacxnocxH, 
3XO npeo6pa30BaHHe nosBOjiaex ;];o6hxl.C5I KaK nojiojKHxejiBHofl, xaK h oxpHi];axejibHOH 
onpe;];ejieHHocxH KBa;];paxHHHOH (|)opMt>i ([T]) b sa^^ane II. KaK noKasano HHace, 3xo o6- 
cxoHxejibcxBo cymecxBeHHo ynpoin;aex peajiH3an;Hio rjio6ajibHoro Hxepan;HOHHoro Mexo^a 
nocjie^oBaxejiBHoro yjiyHineHHH ynpaBjieHHH. B oxjiHHHe ox sa^aHH II, sa^ana I b o6in;eM 
cjiynae ^HHaMH^ecKoro HHBapHanxa ne HMeex. 

5. Ilycxb MaxpHn;a L HBjiHexcH MaxpHn;eH onepaxopa opxoroHajitHoro npoeKxnpoBa- 
HHS Ha Ho;];npocxpaHCXBO Q C M". B 3xom cjiynae KBa;i,paxHHHa3 (|)opMa ([T]) BbinyKjia. 
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riycTb L - onepaTop opxoroHajibHoro npoeKTHpoBaHHH na opToronajibHoe ;];onojiHeHHe 
no;i,npocTpaHCTBa Q. CorjiacHO f[T^ : 

(x(T),Lx(T)) = ||a;(T)f - (x(T),Lx(T)) = H^of - (a;(T), La;(T)), 

H MM HMeeM napy SKBHBajieHTHbix MHHHMHSHpyeMtix (|)yHKii;HOHajiOB: BbinyKjitifl ([T]) h 
BorHyTbiii 

i{x]u) = -{x{T),Lx{T)). 

3. HeoSxoflHMbie ycjiOBHa onTHMajibHOCTH (b cJjopMe npHHLi,Hna MaKCHMyMa 

IIoHTparHHa) 

OyHKii;H5i raMHjiBTOHa-rioHTparHHa [2] aa^aiH HMeex bh^ 

n n 

(13) H(t, ip, X, u) = -f3u'^ + ^(oife + uhik)x^] 

i=l k=l 

flBOHCTBeHHaa cHcxeMa 

fjij 

(14) ^ = -— = -(A' + uB^'U 

ox 

{{■y - onepaii;H5i TpaHcnoHHpoBaHHH MaxpHi^bi). B HccjieflyeMoli aa^ane ^BoflcTBeHHaH 
CHCTCMa HMeex tot tkb bh^ jiHHeliHOH cHCTeMBi c ynpaBjiaeMbiMH K03(|)(|)Hii;HeHTaMH, hto 
H Hcxo^Haa. B sa^ane II coxpanaeTCH 6jiOHHaa CTpyxTypa MaTpnu; An B: 

^ ~\-Pl J ' ^ -\-Pl J • 

OTcio;];a cjie^yeT, hto ycjioBHe KHBapnaHTHocTH HopMbi (n.3 pas^^ejia [2]) BbinojiHaeTca ne 

TOJIBKO J\Jlil HCX0;];H0H CHCTeMbI, HO H ;i,JIH ;i,BOHCTBeHHOH CHCTeMbl. 

YcjioBHa TpaHCBepcajiBHocTH: 

(15) ip{T) = -2Lx{T). 

YnpaBjieHHe, oTBenaion^ee ycjioBHio HpHHH,HHa MaxcHMyMa IIoHTparHHa, b aa^ane I HMeeT 
BH^: 

(16) M(t) =M(t,^(t),x(t)), 
r^e HpH /3 = 0: 

{z/ ecjiH /C > 0; 

jHo6oe H3 [— z/, v] ecjiH /C = 0; 
- V ecjiH /C < 0, 



n n 



/C(^, a;) = ^ ^ fejfcx'', 



i=l fc=l 
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a npn /3 > 0: 

(19) u{t,ilj,x) = axgma.xH(t,ilj,x,u) 

\u\ 

TaKHM oGpasoM, jxjis Haxo>K;];eHH3 sKCTpeMajiH sajiaHii I nojiynaeM KpaeByio aa^^any 
^jiH napt.1 cHcxeM ([2]), (fT^ c rpaHHHHbiMH ycjioBHHMH ([3]), (fTSl) . b KOTopoH ynpaBjieHHe 

CBHSaHO C (|)a30BL.IMH nepeMeHHblMH COOTHOmeHHHMH (fT6|) . ( IT7|) . 

HsBecTHBie Mexo^bi pemeHHa 3toh KpaeBofi sa^aHH cBo^axcH k pemeHHio naGopa aa- 
;];aH KoniH c (|)HKCHpoBaHHL.iMH -00 = '?/'(0). SnaHeHHe ^/'o no^Gnpaexca xax, htoGbi bbi- 
nojiH3jiHCb ycjioBHJi xpaHCBepcajiBHocTH f lTSjl . HpH /3 > 3THX 3a;i,aH KoniH bbi- 
nojiHaioTCH KjiaccHHecKHe ycjioBHH o;];H03HaHHOH paapeniHMocTH. Hpn /3 = bosmojkho 
cymecTBOBaHHe noBepxHocxefl paaptiBa npaBofl nacxH h oco6t.ix pejKHMOB ynpaBjieHHs. 

YnpaBjieHHe HasbiBaexcs oco6um na oxpesKe [ti, ^2] C [0, T], ecjiH }C{'ip{t),x(t)) = 
npH Bcex t G [ti, ^2]- 3^ecb ip{t) h - xpaeKxopHH ^BOHCXBeHHofl h hcxo^hoh chcxcm, 
cooxBexcxByiomHe Hs (fT6|) . ( IT7|) cjie^yex, hxo na ynacxxe oco6oro pejKHMa Bcer^a 

BbinojiHsioxca ycjioBHH npHHn;Hna MaKCHMyMa. TaKHM o6pa30M, onxHMajibHoe ynpaBjie- 
HHe B aa^ane MOJKex co^epjKaxb ynacxKH oco6oro yHpaBjienna. Taxne saflann nasbiBaioxca 

BbipOiK^eHKblMH . 

Tpa;];Hn;HOHHbiH cnocoG HaxojK^^eHHH oco6oro ynpaBjieHHH - ;];H4)4)epeHii;HpoBaHHe pa- 
BeHCXBa f lTH]) no t h no;];cxanoBKa ([2]) n fll4p b nojiynennoe cooxnomenne. Hnor;i,a npoBO- 
jinTh 3XH onepan,HH npnxo^nxca necKOjiBKO pas. JXjis Bt.iBo;];a ynnBepcajibnoro cooxnome- 
nna fljia oco6oro peacHMa paccMoxpnM nponsBOJitnyio Gnjinnennyio (J)opMy 

n n 

C = ^^Qfe^iX^ 

1=1 k=l 

BbiHHCJi33 ee npoH3BOflHyio no BpeMenn c ynexoM ([2]), f|T^ HMeeM 

(20) f = E (c« + 
r^e 

C(i) = - AC, = Cfi - BC. 

J^Jisi BBinncjienHH dIC/dt hojiojkhm C^*^-* = C = B, D^'^^ = 0. B sxom cjiynae C^^^ = 
BA - AB, = 0. TaKHM o6pa30M, H3 cooxnomenHa dlC/dt = oco6oe ynpaBjienne 
onpe^ejiHXb ne y^aexcs: K03(|)(|)Hn;HeHx npn u o6pairi;aexca b 0. HpoBo^a ^H(|)(|)epenn;H- 
poBanne GnjinneHHoii 4)opMt.i s pas (npn ycjiOBnn, hxo D^^^ = D^"^^ = . . . = D^^^^^ = 0), 
nojiynaeM 

k,m 

r^e 

^(«) = c^'^-^^A - AC(^-i); d(^) = C'-'-^^B - BC^'-^\ 

EcjiH npn KaKOM-jinGo s MaxpHn;a D'^^'> nenyjieBaa, xo ns paBencxBa d^fC/dt^ = mojkho 
BbipasHXb u nepes tux. TaxHM o6pasoM, nojiynaeM cooxnomenne, KoxopoMy rapanxn- 
poBanno y^oBjiexBopaex oco6oe ynpaBjienne. 




—V ecjin ■^lC{ip,x) ^ —v] 

j^lC{ip,x) ecjin — z/ < j^}C{ip,x) < z/; 
u ecjin jg}C{ip,x) ^ z/. 
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Otmcthm cjiynafi, Kor;];a MaTpHii;t.i A n B nepecxaHOBOHHt.: {AB = BA). B stom cjiy- 
Hae C-*^ = D'^*-' = npH Bcex s h onncaHHaH Bbime npou^eflypa ne flaeT bosmojkhocth 
HaflTH oco6oe ynpaBjienne. B aa^ane II Taxasi cHxyai^HH Bcer^a HMeex Mecxo npn m = 1. 
OnTHMajiBHbie ynpaBjienns, coflepjKamHe o^hh hjih hcckojibko ynacxKOB oco6oro peacH- 
Ma, BCTpenaioTCii b cHcxeMax pasMepHocxH 4 h Btime. 

EcjiH MaTpHii;t>i A n B nepecTaHOBOHHti, to npn jiio6om ^onycTHMOM ynpaBjieHHH 
}C{t) - KOHcxaHxa. B sxom cjiynae b cHjiy npHHn;Hna MaxcHMyMa HoHxpHrHHa pemeHHeM 
safl^aHR 3BjiHexcji hjih ynpaBjienne u{t) = u (ecjiH ^Jia sxoro ynpaBjienna /C > 0) hjih 
ynpaBjieHHe u{t) = —u (ecjiH ^jia sxoro ynpaBjreHHH /C < 0) hjih oco6oe ynpaBjieHHe. 
IIpH n = 1 3a;i,aHa ocoGbix ynpaBjrenHH He HMeex. Ilpn n = 2 3a;i,aHa HMeex KOHXHHyyM 
ocoGbix ynpaBjieHHH npn onpeflexrenHbix conexaHHax napaMexpoB sa^ann. 

IIpH t = T HMeeM 

n n 

(21) )C{T) = ^i{T) J2 bikX^T) = Bx) = -2{Lx, Bx) = -2{B*Lx, x). 

i=l k=l 

Hs f l2T]) cjiepyeT, hto oco6oe ynpaBjieHHe o^^HosnaHHo xapaKxepnayexca KoneHHOH xohkoh 
xpaeKxopHH x{T). Tax KaK paBencxBo x{T) = b Hccjie;];yeMt.ix sa^^anax HeBosMOJKHo 
(npn Xq 3XO npoxHBopenHjio 6bi e;];HHCXBeHHOcxH pemeHna sa^^ann Komn ^jih ch- 
cxeMbi o6L.iKHOBeHHL.ix ^H(|)(|)epeHn;HajiBHL.ix ypaBHeHHii), xo, b nacxHocxn, ^ocxaxonntiM 
ycjioBHeM oxcyxcxBHa ocoGbix ynpaBjieHHH aBjiaexca HOJio>KHxejiL.Haa hjih oxpHn;axejiL.- 
Haa oHpe^ejieHHocxb KBaflpaxHHHOH (|)opMi>i (l2T|l . 

Hs (fT^ cjie^yex, hxo b sa^ane I^ npn /3 > neBosMOJKHa cHxyaH;H5i oco6oro pe>KHMa. 

4. HTepaij;HOHHbie MeTo^bi yjiyniiieHHa ynpaBJieHHa 

PenieHHe KpaeBOH sa^ann HpHHH;HHa MaxcHMyMa (j2]) , (fT4l) , (j3]) , (fT5|) , (fT6|) xexHnnecKH 
B03M0JKH0 jiHniB ^ji3 sa^aH He6ojiL.moH pasMepHocxH. Ha npaKXHKe ^jih pemeHHa sa- 
^an 6ojibnioH pasMepnocxH (b KOHKpexHbix aa^anax KBanxoBOH MexaHHKH pasMepnocxt 
(|)a30Boro BeKxopa HMeex Hopa^oK 10^-10^) HCHOjibsyioxca HxepaH,HOHHL>ie Mexo^ti ho- 
cjieflOBaxejiBHoro yjiynmeHHa ynpaBjienHH: mnpoKO HSBecxKbiit rpaflHenxHbiH Mexofl (cm. 
HanpHMep [3], [H cxp. 239]), a xaxace rjio6ajibHL.iH Mexo^i; |T, §6.2], HMeiomHH npHMenn- 
xejiBHo K jiaHKOR sa^ane onpeflejieHHbie npenMymecxBa. 

OnnmeM rjioGajiBHbiH Mexo^ HpHMennxejibHO k oGmefi sa^^ane OHXHMajibHoro ynpaB- 

JieHHS 

T 

(22) /(.;„,) ^ / A, ...M. + FWT),^,„i„ 



(23) x = f{t,x,u), 

(24) x(0) = Xo. 

Uodsadana yAynmeHusi cocxohx b cjie^^yiomeM: HMeexca flOHycxHML.iH, ho ne ohxh- 
MajiL.HL.iH HpoH,ecc Vg = (x^ (■) , Us(- ) ) . Tpe6yexcH yjiynmnxL. ero, x.e. naiixH ;i,pyroH flpny- 
cxHMbiH npoii;ecc Vg+i = {xs+i,Us+i), Koxoporo /(f^+i) < /(fs). Ha Kaac^ofl nxepa- 
n;HH HHCjieHHoro Mexo^a HxepaxHBHoro xnna peniaexcH no^aa^ana yjiynmeHHsi xexyme- 
ro Hpon;ecca. B HpoH;ecce pemeHHs sa^ann cxpoHxca Hocjie^oBaxejibHocxb {fs}, npHneM 
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/(fs+i) < I{vs) npH Bcex s, h, ecjiH mhrhmym b sa^^ane (I22|) - (l2^ KOHeneH, to cyme- 
CTByex npe;];eji /_ = lims_j.oo /(t's)- PaBencTBo /_ = /* b ^^aHHofi cxaxbe He Hccjie^yexcH. 
^jiH Hccjie^oBaHHa sToro Bonpoca mojkho npHMenaTb, nanpHMep, ^BOHCTBeHHbiii MeTo^ 

m- 

rjioGajiBHbiH Mexofl yjiyHineHHH ynpaBjieHHH ocHOBan na cnen;HajiBHOM npeo6pa30Ba- 
HHH Hcxo^HOH sa^aHH ( I22p -( 12^ K sKBHBajieHTHOH efl sa^ane c ^pyrHMH /° h F. 3to 
npeo6pa30BaHHe coctoht b cjie^yiomeM: nycxb (|)yHKn;H5i (p{t,x) nenpepbiBHO ^H(|)(|)epeH- 
n;HpyeMa. J^jiz jiioGoro npon;ecca v = (a;(-), «(■)), y^oBjiexBopaiomero ycjioBHSM ( 123|) . flMj) . 
B cHJiy (|)opMyjiBi HBioTOHa-JIeH6HHii,a 

(25) y" (^^{t, x{t)) + E w(t)) j dt - v.(T, a;(T)) + ^{0, xo) = 0. 

LI,ejieBOH 4)yHKii;HOHaji fljis npeoGpaaoBaHHoft sa^anH f l22|) -f l2^ nojiynaeTca nyTCM bbihh- 
TaHHa H3 (122]) • Oh HMeex bh;], 



L^{x; u) = ~ J ^(^' a;(t), M(t)) rft + G{x{T)), 



r^e 

(26) R{t, X, u) = -fit, X, u) + ^it,x) + Y, ^(^, ^)fit, a;, u), 

i=l 

(27) G(x) =F(x) + </.(T,x) -¥.(0,xo). 

3to npeo6pa30BaHHe BbinojiHaexcH na KajK^oM mare rjioGajitHoro Mexo^a ^jih cnei^Hajit- 
Ho no^oGpaHHoii (J)yHKi];HH ip. 

OnnmeM nocjie^oBaxejiBHOcxt. BL.iHHCjiHxejibHL.ix OHepaH;HH, cocxaBji5iioLu;HX HxepaH;Hio 
rjLo6ajibHoro Mexo^a. HanajibHoe HpnGjinaceHHe Vq = {xq{-),Uq{-)) sa^aexcH npoHSBOjiBHO. 
HycxL. HpoH,ecc Vg = {xs{-),Us{-)) y>Ke paccHHxan na s-h HxepaH;HH. 

HaxoflHM BCHOMoraxejiBHyio 4)yHKii;Hio (ps{t,x) xaxyio, hxo 

(28) R,{t,Xsit),Usit)) = mmRsit,x,Usit)) (0 < t < T), 



(29) G,(x,(T)) = maxG',(x) 

X 

Heo6xo;];HML.ie ycjioBHa f l2S]) h 



(30) ■^Rs{t,Xs{t),Us{t)) = 0, 



(31) ^G,(x,(r)) = 0. 
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3th ycjiOBHH rapaHTHpyioT BbinojineHHe ( 128|) h (129|) npn ;];onojiHHTejiL.Ht.ix npe^^nojioxce- 
HHHX o BbinyKjiocTH (|)yHKLi;HH (12^ H BorHyxocTH (|)yHKij,HH f l7r|) . 
Haxo^HM (|)yHKn;Hio 

^^(t, x) G Argmax/2s()f:, X, m), 

pemaa: sa^any KoniH 

(32) X = f{t,x,Usit,x)), 

(33) x(0) = xo, 

Haxo;i;HM TpaeKTopHK) Xs+i{-) H ynpaBjieHHe 'u<j+i(^) = Us(t,Xs+i(t)). 
BtipaJKeHHe 



T 



1 

j {R,{t,Xs+l,Us+l) - Rs{t,Xs+l,Us)) dt+ 







1 

+ J {R,{t,Xs+i,u,) - Rs{t,Xs,u,)) dt + G,{xs{T)) -Gs{x,+i{T)) 





nojioJKHTejiBHO B CHjiy ( ]28|) . (129(1 h cooxHomeHHa 

(34) Us+i{t) = Us{t,Xs+i{t)) e Argmaxi?^(t,Xs+i(t),n) 

u 

npH ycjiOBHH, HTO yjiyHinaeMbiH npoiJ,ecc Vg He y;i,OBjieTBop5ieT npHHn;Hny MaKCHMyMa. 
TaKHM o6pa30M, onHcaHHbiH ajiropaxM npHBo^Hx k yjiyHineHHio xeKymero npon;ecca. 

5. OcoSeHHOCTH peajiH3aLi,HH rjioSajibHoro MeTO^a yjiynmeHHa ynpaBJieHHa b 

HCCJie/],yeMOH aa^ane 

PaccMoxpHM oco6eHHocxH peajiH3aii;HH rjio6ajit.Horo Mexo^a. OyHKi^Hio Lp^ cxpoHM b 
BHfle (psit,x) = il)s,i{t)x^ + i^s,2{t)x'^ + . . . + il)s,n{t)x'^ = {^ps{t),x). B 3XOM cjiyHac 

n n n 

(35) Rs{t, x,u) = Y^ i^sAty + ^i^ik + ubik)x'' - f3u^; 

i=l i=l k=l 



(36) Gsix) = J2 ^sATV - ^-,^(0)4 + 

1=1 1=1 i,fc=l 



TaK KaK 4)yHKLi;HH fl35|) jiHHettHa no x, xo hs f l30|) cjie;];yex f l28|) . OyHKi^na fl36|) saBHCHX ox 
X KBa;i,paxHHHO, nosxoMy (129|) cjie;];yex hs (13T]) npn ;i,onojiHHxejibHOM npe^^nojioacennH o 
BornyxocxH sxofi 4)yHKii;HH no npocxpancxBennbiM nepeMennbiM, x.e. o nenojioJKHxejibHOH 
onpe;];ejienHocxH ee MaxpHn;t.i L. Tax xax Bce cjiaraeMbie b fl3^ . xpoMe nocjie;];nero, jinnen- 
nt.1, xo B 3XOM cjiynae (|)yHKn;Ha f l5B]) Bornyxa, nxo o6ecnenHBaex bosmojkhocxb nepexo;],a 
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OT (13T]) K (129|) . TaKHM oGpasoM, ^aHHbifl ueTOfl, yjiyHineHHH npHMeHHM b oGmeM cjiynae 
(sa^^ana I) npn ^onojiHHTejibHOM ycjioBHH, hto MaTpHij,a L HenojioacHxejibHo onpe^^ejiena. 

B sa^ane II mbi mojkcm ^o6HTt.c3 BornyTOCTH (|)yHKn;HH ( 136|) nyxeM saMenbi hcxo^hoh 
sa^aHH Ha anajiorKHHyio aa^any c MaTpHn;eii La = L — al, r^e a > ^ocTaxoHHo BejiHKo, 
HjiH nyxeM sauenhi L na opxonpoeKTop na opxoroHajibHoe ^onojineHHe (cm. n.4-5 pas^ejia 



Uepeuu mad rjioGajiBHoro Mexo;i;a - HaxojK^eHHe 4)yHKn;HH ^/'i(-) h3 ycjioBHfi fl30 

CBO;i,HXC3 K pemeHHIO ;];BOHCXBeHHOH 38,J\an]A KoniH C XepMHHajIBHblM yCJIOBHCM. 



dRs 



i^s,m + ^(flim + Ushim)lps,i =0 (^/i^ = -{A^ + UsB^)lps 



Qr^ra 

HMeeM corjiacHo ( 135|) 



V'.,™(T) + 2 ^ U^x' = (7/^,(T) = -2Lx). 



i=l 



Rs{t,x,u) = '^ipsM^' + ^^'ilJs,iitKkX^ + uK:{'^sit),x) - 13 

i=l i=l k=l 



u 



rfle 



IC{^,x) = '^'^^ibikx'' = iBx,tp). 
TaKHM oGpaaoM, npn /3 = 



■t=l k=l 



(37) 

a npH (3 > 



Us{t,x) 



Us{t,x) 



V ecjiH )C{ilJs{t),x) > 0; 

jiio6oe H3 [— z^, z^] ecjiH /C(?/'s(t), x) = 0; 
— ecjiH fC{jps{t),x) < 0, 



— z/ ecjiH ■^lC{ips{t),x) ^ — z/; 

■^lC{il)s{t),x) ecjiH -z/ < ^]C{iis{t),x) < u; 



eCJIH 2^/C('?/'s(t), x) ^ z/. 



Bmopou luas CBO^HXca k pemeHHio sap^a^n KoniH (152]) . fl55]) . Tax xax npn /3 > 
npaBaa nacxb cHcxeMbi f l5^ nenpepbiBHa, xo b sxom cjiynae pemenHe aa^ann KoniH xeo- 
pexHHecKHx npo6jieM ne cocxaBjiaex. 06paxHMC5i k cjiynaio /3 = 0. OcHOBnaa xpy^nocxb 
s^ect. cocxoHx B xoM, Hxo npaBaa nacxb cHcxeMti (132|) MOJKex hmcxb noBepxHocxH paaptiBa 
B (|)a30B0M npocxpancxBe. Banana (132|) . ( 133|) pemaexca nosxanno, KaJK^tm sxan cocxohx 
B pemeHHH ox^ejibHoli sa^ann KoniH na ynacxKe HenpeptiBHOcxH npaBoii nacxn CHCxeMbi 
(I32p . KoneHHaa xoHKa xpaeKxopHH, Haft^eHHaa na onepeflHOM sxane, 6epexcji b xanecxBe 
HanajiBHoro ycjioBHa na cjie^^yiomeM sxane. OGosnanHM nepes r HaHajibHbifl momchx Bpe- 
MCHH jijis onepe^Horo sxana, a nepes = Xs+i{t) - cooxBexcxByiomyio HanajiBHyio xoHxy 
xpaeKxopHH. nepBOHanajiBHo r = 0, = xq- 06o3HaHHM k{t) = ]C{tps{t),Xs+i{t)). Ecjih 
A;(r) > 0, xo pemaexca aa^ana KoniH 



(3J 



a: 



f{t,x,u), x{T)=^r 
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a ecjiH fc(r) < 0, TO pemaexcH sa^^ana 



(39) x = f{t,x,-u), x{T)=^r- 

EcjiH /c(r) = 0, TO BbiGop ynpaBjieHna u{t) npn t ^ r cxaHOBHTca, BooGme roBopa, 
Heo;];H03HaHHMM. YnpaBjieHHe u{t) = v cooTBexcTByex (137|) . ecjiH na pemeHHH sa^ann 
(138|) (|)yHKii;HJi fc(t) HeoTpHii;aTejibHa. Tax xax A;(r) = 0, to HeoTpHi^axejibHocTH kif) 
Ha HCKOTopoM npoMCiKyTKe (r, r + e) ^^ocxaxoHHo, hto6i>i 

(40) jk{r) = {B{A + uB)^r,Mr)) - {{A + Us{r)B)B^r,Mr)) > 0. 

YnpaBjieHHe u{t) = —v cooTBexcTByex (137|) . ecjiH na pemeHHH aaflann f l39|) 4)yHKH;Ha kit) 
HenojiojKHTejiBHa. J\j\-^ sxoro ;i,ocTaTOHHo, htoGbi 

(41) jk{T) = {B{A - uB)^r, ^s(r)) - {{A + n,(r)5)5^., ^,(r)) < 0. 

YcjioBHH ( I40p H (141 p He CBasaHBi MejK^y co6oh. Ecjih BbiHOJiHaeTCH tojibko o^ho h3 sthx 
ycjioBHH, TO BbiGop yHpaBjieHHH cxaHOBHTcs oflHosHaHHbiM. Ecjih bbihojihjiiotc5i o6a ycjio- 

BH5I, TO HpOHSBOJIBHO Bbl6HpaeTC5I O^HO H3 yHpaBJieHHH u{t) = U HJIH u{t) = —V . HhC- 

jieHHoe HHTerpnpoBaHHe cooTBeTCTByion];eH sa^^ann Kohih HpeKpaniaexca b tot momcht, 
Kor^a kii) = 0. Konennaa TOHKa Hafi^eHHOH TpaeKTopnn BbiGnpaeTca b KanecTBe C,t na 
cjie;];yioin;eM sTane. 

Ecjih jkc hc BbiHonHsieTCii hh o^ho h3 ycjioBHH ( HOj) . (HT]) . to b KanecTBe ynpaBjieHHs 
Ha TexymcM sTane BBiGnpaeTCH ynpaBjicHHe «(•), oGecHCHHBaiomee ^(t) = npn t ^ t. 
Ho anajiorHH c hphhh,hhom MaKCHMyMa nasoBCM 3to ynpaBjieniie oco6um. Hs dk/dt = 
nonynaeM 

((AB - BA)xs+i,ips) 

TaKHM o6pa30M, ecjiH na TexymeM sTane iicnojitsyeTCH oco6oe ynpaBjieHHc, to pemaeTca 
sa^ana Komn 



PemeHHe sa^anii (142)) npeKpamaeTCH b tot momcht BpeMeHH t = t > t, Kor^a 6yflyT 
BBinojiHCHbi ycjioBHH, o6ecneHHBaK)m;He bosmojkhoctb nepexo^a c oco6oro peaciiMa na 
ynpaBjicHHe u{t) = —v hjih u{t) = v. ^annbie ycjioBHH ^ojijkhbi rapaHTHpoBaTb bbihoji- 
HCHHe (1M|) Ha HCKOTOpOM npoMCJKyTKe t G (f, f + e). 

PaCCMOTpUM O^HH H3 B03M0JKHBIX CHOCoGoB 3a;];aHH3 TaKHX yCJIOBHH. IlyCTb ^ = 

Xs+i(t) - KOHCHHasi TOHKa ynacTKa ocoGoro peacuMa. JXjis bosmojkhocth nepexofl,a c oco- 
6oro pejKHMa na ynpaBjreHiie u{t) = v HeoGxo^HMO, hto6l.i npn Bcex t h3 HCKOToporo 
npoMCJKyTKa t G (f, f + e) BtmojiHajiocB nepaBCHCTBO /C(-?/'s(t), x^(t)) ^ 0, r^e x^(-) - 
pemeHHe aaflaiii 

a;"^ = /(^,a:+,i/), x+('r)=^. 

TaK KaK IC{ips{f),C,) = 0, to ^jih sToro ^ocTaTOHHo, hto6l.i dlC{il)s{f)^^) / dt > 0. Ilocjie^- 
Hee HepaBCHCTBO mojkho saniicaTb b bh^c 

{{BA - AB)i V^,(f)) + (z/ - Us{T)){B^i, ^,(f)) > 0. 



10 



AnajiorKHHoe ycjioBHe, oGecneHHBaiomee bosmojkhoctb nepexojia c oco6oro peacHMa na 
ynpaBjieHHe u{t) = —u, HMeex bh^i, 

{{BA - AB)i ^,(f)) + Us{mB% Mr)) < 0. 

OnHcaHHaa npoii;eflypa noBTopaeTca ;i,o xex nop, noxa t < T. 

BosMOJKCH flpyroR cnoco6 peajiH3aii;HH 3 mara, b KOTopoM ne Hcnojibsyexca ocoGbih 
pejKHM. YnpaBjieHHe Us+i{-) safl^aeTcs paBencxBOM 

, - _ J u ecjiH K.{iJs{t),Xs+i{t)) ^ 0; 
' \ -u ecjiH /C(V^,(t),x,+i(t)) < 0. 

EcjiH pemeHHe sa^anH (15^ . (15^ ne co;i,ep>KHT ynacTKOB ocoGoro pexcHMa, to cootbct- 
CTByiomee ynpaBjienne aBjiaexcH Kyconno nocTOSHHOH (|)yHKii,HeH, npHHHMaioineH snane- 

HHH — Z/ H Z/, npH 3TOM KOJIHHeCTBO nepeKJIIOHeHHH HeBejIHKO H peajIH3aii;H5I HHCJieHHOrO 

pemeHH3 aa^anH Tpy^Hocxeli ne npeflcxaBjiHex. Hpn HajiHHHH oco6t.ix pejKHMOB Kojinne- 
cxBO nepeKjiioHeHHH ynpaBjieHHa cxaHOBHXca OHent Gojibiuhm, h c yMenbineHHeM mara 
HHxerpHpoBaHHH HeorpaHHHeHHO Bospacxaex. Tax xax ynpaBjienne c 6ojibmHM hhcjiom 
nepeKjiioHeHHH Majionpnro^HO ^jih npaKXHnecKHX i^ejieii, xo ynacxKH c Gojibiuhm kojih- 
necxBOM nepeKjiioHeHHH, na Koxopbix BejiHHHHa k{t) GjiHSKa k 0, cjiepyeT saMennxb na 
ynacxKH cooxBexcxByiomero ocoGoro pejKHMa, npn sxom ynpaBjienne (xoxopoe yace ne 
6yfl,eT KOHCxanxofi) onpe;];eji3excH h3 ycjioBHa xoac^^ecxBCHHoro paBencxBa nyjiio Btipa- 
jKeHH3 }C{'ipsit),x(t)). 



6. IIpHMepfai 



B 3XOM pas^ejie onncaHBi pesyjitxaxbi HHCJienHoro pemenHH sa^ann II pasjiHHHBiMH 
Hxepaii;HOHHL.iMH Mexo^aMH b cHcxeMe Matlab. 

B cHJiy HajiHHHH ;];HHaMHHecKoro HHBapHanxa aGcojnoxHbifi MHHHMyM KBaflpaxHHHoii 
4)opML.i ([T]) Ha ccjiepe ||a;|| = ||so|| aBjiaexca HHJKHeft oii;eHKOH fl^jis aGcojiioxHoro MHHHMyMa 
B aaflane II. B nepBOM npHMepe (cm. Hnace) xonxa aGcojiioxHoro MHHHMyMa KBa^^paxHHHoii 
4)opML.i (II]) He HpHHa^jiejKHx o6jiacxH ^ocxHJKHMocxH sa^aHH. EcjiH HapaMexpti T n u 
^ocxaxoHHO BejiHKH, xo ^OHycxHMaa xpaexxopna sa^ann II MOJKex OKaaaxtca b xohkc 
a6cojiioxHoro MHHHMyMa KBa^paxHHHoii (|)opMt.i ([1]) b momchx bpcmchh T. 3xa cHxyaH,H3 
paccMoxpena bo BxopoM npHMepe. 

IIpHMep 1. PaccMoxpHM 3a.fl,SiHj: n = 4, T = ^, u = 3, 



IM 



A 



/ 1 -2 \ 
0-2-1 

-12 

\ 2 1 / 



3^ q 



X = {A + Bu)x, x{0) 



B 



x^ 

/ -1 \ 

1 

-1 

V 1 / 



— )• mtn. 



1 





-1 


1 \ 







1 


2 




1 


-1 







-1 


-2 


0/ 
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B xoflfi pacnexoB oxpesoK [0, |] 6t.iJi annpoKCHMnpoBan paBHOMepHofi cexKofi c maroM 
0,0005 (1001 yaeji), npn stom sHaneHHa ynpaBjieHHH, TpaexTopHH h conpHxceHHofi xpa- 
eKTopHH B ysjiax xpaHHjiHCb B MaccHBax. Hx sHaneHHa b npoMejKyxoHHbix xoHKax an- 
npoKCHMHpoBajiHCB jiHHeHHbiMH cHjiaHHaMH. IIpH pemeHHH aa^aHH KoniH HcnojitaoBajicH 
MCTOfl Pynre-KyxTa nexBepToro nopa^Ka. 

B KanecTBe HanajiBHoro ynpaBjieHHa 6l.ijio bsjito nocTOSHHoe ynpaBjienne Uq{-) = 0.3. 
Sa^ana pemajiact. ^ByMa Mexo^aMH - rjio6ajiBHL.iM h rpa^neHTHBiM [H Fji.G]. 

Ha npaKTHKe mnpoKO pacnpocTpaneH xexHHHecKHH npneM, CBHsaHHBifl c BBe^^enneM 
B n,ejieBOH (|)yHKii,HOHaji sa^^ann peryjiapnsyiomero cjiaraeMoro, Koxopoe yjiyHinaex cxo- 
flHMocTb rpaflHeHTHoro Mexo^^a. 3tot npneM oKasajicH nojiesHbiM h npn pemeHHH sa^ann 
rjioGajiBHbiM Mexo^oM. PaccMoxpHM bmccxo n;ejieBoro (|)yHKn;HOHajia sa^ann cjieflyiomHH 
4)yHKn;HOHaji 



1/2 








KaK noKasbiBaex npaKXHKa, npn a > rpa^HeHXHtifi Mexo^i; b sa^^ane f H3|) . (l2])-(jl]) pa6o- 
xaex jiynme, hcm npn a = (sa^ana I). Ecjih a ;];ocxaxoHHo Majio, xo pemeHne sa^ann 
(H3|) . ([2])-(jl]) Majio oxjiHHaexca ox pemeHna aa^ann I. 

B xa6jiHH,e 1 npeflcxaBjieHbi peayjitxaxbi pemeHHH safl^anm xpeMH Mexo^aMH. 

IIpHMep 2. PaccMoxpHM 3afl,a.Hj: n = 4, T = 5, u = 1, 

I(v) = -xl (5) - 2x1 (5) - 1^^^ _ ^2 1^^^ _^ ^-^^ 



-1 1\ 
1 2 

■ 

0/ 

KaK H B npe^t.i^ym;eM npHMepe, oxpeaoK [0, 5] 6l.iji annpoKCHMnpoBan paBHOMepnoH 
cexKoii c maroM 0,0005. B KanecxBe HanajibHoro ynpaBjieHHH 6t.iJio bshxo KycoHHo hocxo- 
aHHoe ynpaBjienne Mo(t) = 1 npn t G [0,1); Mo(t) = npn t G [1,5]. Sa^ana pemajiacb 
rpa^HeHXHBiM Mexo^oM, rjio6ajit.Hi>iM Mexo^oM, a xaxjKe rjio6ajit.Ht.iM Mexo^oM c peryjiH- 
pH3aH,HeH. B xa6jiHn,e 2 Hpe^cxaBjient.! peayju^xaxt.: pacnexoB. 

nojiyHeHHbie pesyjit^xaxt.! hosbojishox c^^ejiaxi^ HaGjuo^^enne, hxo na nepBbix Hxepan;H3x 
rjio6ajit.Ht.iH Mexofl HosBOJiaex 6t.icxpee HpH6jiH3Hxt.c3 k oHXHMajiiaHOMy ynpaBjienHio, 
HeM rpaflHeHXHbiH. /],o6aBjieHHe KBa;];paxHHHoro Hnxerpajii^Horo cjiaraeMoro necKOJiijKo 
yxy^maex axox HOKasaxejiij, ho cHHJKaex xpy^oeMKocxij Bt.iHHCJiHxej1i3Ht.1x oHepaH;HH. 

7. 3aKJiK)HeHHe 

Hccjie^oBana sa^ana oHXHMajiijHoro ynpaBjieHHs flHHaMHnecKHMH cHcxeMaMH, ohhcbi- 
BaeMBiMH jTHHettHbiMH ^H(|)(|)epeHii;HajiijHt.iMH ypaBHeHHSMH c ynpaBjiaeMBiMH ko3(|)(|)h- 



x = {A + Bu)x, x{0) 



me 



A 



f 








1 


-2\ 










-2 


-1 




-1 


2 










2 


1 





/ 



B 



( -1 \ 

1 

-1 

V 1 / 

/ 



1 -1 
V-i -2 
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LtHeHTaMH H KBa^^paTHHHMM KpHTepHCM OHTHMajIbHOCTH XapaKTCpHaa JXJlii MHOrHX npH- 

Kjia;];HL.ix 3&jiaH, nrpaiomnx cymecTBeHHyio pojit> b coBpeMeHHofl xeopHH ynpaBjieHHa. 
Bt>i;i,ejieHt.i HCKOTopbie cnen;HajibHt.ie cBoflcxBa TaKHx chctcm, cymecTBeHHBie chh- 
Tesa onxHMajiBHoro ynpaBjieHHJi. Oco6l.ih TeopexHHecKHH h npHKjia^Hott HHTepec npefl- 
CTaBjisioT raMHjiBTOHOBbi cHcxeMBi 3Toro Kjiacca, fljiH KOToptix xapaKTepHbi KOMnaKTHaS 
npe^cTaBHMOCTt. b KOMnjieKCHOM BH^e H HajiHHHe ^HHaMHHecKoro HHBapHaHxa, b CHjiy 
KOToporo Bce ^onycTHMtie xpaeKTopHH pacnojiojKeHbi na ccjaepe (JiasoBoro npocxpancTBa, 
(|)HKCHpoBaHHoii HaHajiBHBiMH ycjiOBHHMH. /],Jia noHxparHHCKHX 3KCTpeMajieii paccMOT- 
peHHoro Kjiacca 3a;i,aH xapaKxepno HajiHHHe ocoGbix pexcHMOB ynpaBjieHHa. ripe^noHTH- 
TejibHbiH annapax pemeHHs flaHHoii aafla^H - HTepaTHBHbie ueTOflf^i onTHMH3an;HH ynpaB- 
jieHHJi, cocToamne b nocjie^oBaxejiBHOM pemeHHH sajxann yjiynmeHHa, a h3 sthx MeTo;i,OB 
- rjioGajiBHbiH MCTo;]; yjiynmeHHa. nocjie;i,HHH ^eTajiHSHpoBan h o6ocHOBaH sfl^ech npHMe- 
HHTejiBHo K flaHHoii aa^ane. 

nPHJIOMEHHE 

JJ^OKasaTejihCTBO TeopeMhi\^ Banana KoniH (I2])-(|3]) SKBHBajieHTHa HHTerpajib- 
HOMy ypaBHeHHK) 

t 

x{t) = xo + y + u{T)B)x{T)dT. 



CjieflOBaxejiBHo, 

t t 

\\xit)\\^\\Xo\\+ j \\A + u{T)B\\\\x{T)\\dT ^\\xo\\+J j \\x{T)\\dT. 


HpHMeHaH HepaBeHCTBo FpoHyojijia-BejiJiMaHa [HI cTp.112] nojiynaeM npaBoe HepaBen- 
CTBO dnj. JXjiii ;i,OKa3aTejibCTBa jieBoro HepaBencxBa (|6]) b sa^^ane ([2])-([3]) cj\ejia.eM saMeny 
nepeMeHHofl 6 = T ~ t a npoBe^eM aHajiornnHbie paccy>K;];eHH3. 
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Ta6jmLi,a 1. 



1 — 1 /^"h T ^ ^ T A TTm/~\T^f^ TTTTTar 

nOMCp IlTtip<iIl,HH 


1 TT O TT T TT T TTT "h T/~\nn/~\ TT 

i JIOOdJIbHblH MGTOfl 


1 TT TT /~\TTnnTT T TTT Tl T/~\m/~\ TT 


1 TT i~\ TT T TT T T TT 

i JIOOdJIbHblH 
MciO/J^ c pel y- 


n 








1 

± 






1 1 9"^ 


9 








Q 
o 






-u ,o 1 


Hi 


-Q 1 fiSI 


-fi 4Q1 7 




(J 




-fi fi005 


-Q 148 


6 


-9,5743 


-6,7307 


-9,2799 


7 


-9,6592 


-6,9959 


-9,3817 


8 


-9,7570 


-7,6729 


-9,4776 


9 


-9,8323 


-8,8565 


-9,5896 


10 


-9,8908 


-9,6505 


-9,633 
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Ta6jiHLi,a 2. 



1 — 1 /^"h T ^ ^ T A TTm/~\T^f^ TTTTTT 

nOMCp HTtipdIIjHH 


1 TT /^r^ O TT T TT T TTT "h T/~\nn/~\ TT 

i JIOOdJIbHblH MGTOfl 


1 TT TT /~\TTnnTT T TTT Tl T/~\m/~\ TT 


1 TT i~\ TT T TT T T TT 

i JIOOdJIbHblH 
MciO/J^ c pel y- 

. lyij^ll jf lJ_l,lH,.-li 


n 




4 7^4^ 


( 'J'-±0 


1 

± 




tJ,UUc'0 


1 1 9"^ 


9 




1^ 4^04 


-O j^Oc/U 


Q 
o 


1 n 441 1 


(S 0991 




Hi 


-11 71 1 R 


-fi SQ94 


-11 17*^ 


(J 


-11 Q188 


-8 3881 


-1 1 455 


6 


-11,9335 


-10,187 


-11,516 


7 


-11,9784 


-11,643 


-11,525 


8 


-11,9900 


-11,826 


-11,534 


9 


-11,9931 


-11,907 


-11,505 


10 


-11,9939 


-11,942 


-11,529 
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Pe4)epaT 



HccjieflyiOTCfl xapaKTepHbie CBoiiCTBa jiHHefiHMx flH4)4)epeHi];Hajii.Hi.ix ypaBHenHii c 

ynpaBjiaeMbiMH KoscjDcjDHi^neHTaMH, hx ;];HHaMHHecKHe HHEapnaHTbi h orpaHHHeHHH o6jia- 

CTH ;],OCTH>KHMOCTH, CymeCTBeHHbie ^jm IipoSjieM yiipaBJieHHH, CBOHCTBa IIOHTparHHCKHX 

SKcxpeMajieii flaHHoro Kjiacca aa^an, HHCJienHbie Mexo^bi onTHMH3aij,HH yiipaBjieHHa. 



02.30.Xx - Calculus of variations 
02.30.Yy - Control theory 
02.60.Pn - Numerical optimization 
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